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ABSTRACT

In the continuing search to find additional o0il and
gas accumulations, the o0il industry is beginning to drill
in the new frontier areas of the world. One such area is
the slopes of the outer continental shelf. The outer
continental shelf has already provided the industry large
amounts of oil and gas reserves. A large portion of the
shallow offshore ocean bottoms along the continental shelf
have already been drilled in water depths in excess of 500
feet. A few wells have even been drilled in water depths
in excess of 2,000 feet. At present, floating drilling
vessels are being designed to drill in water depths of
6,000 feet.

As the search for petroleum reserves has moved into
deeper offshore environments, well control has continued
to increase in complexity. Modern well control equipment
was developed mainly for land based drilling operations.
This equipment is now applied with modifications to off-
shore drilling vessels. The purpose of this report is to
locate all drilling vessels presently capable of drilling
in deep water depths, and to examine the equipment carried
on such vessels and procedures used in well control opera-

tions.
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The initial step was to determine how many floating
drilling vessels were equipped to drill in at least 2,000
feet of water. The owners of these veésels were contacted
and asked to provide information on the equipment contain-
ed on each vessel. Each manufacturer of this type of
equipment was then contacted to provide specific informa-
tion on the sizes, working pressures, and any other perti-
nent data available on this equipment. The U.S. Geologi-
cal Survey was then asked to provide training manuals for
any operator training courses that were approved for well
control training.

As a result of this investigation, it was found that
there are 28 floating vessels capable of drilling in 2,000
feetkof water. The same well control equipment used on
land rigs is used on these floating vessels with the excep-
tion of a marine riser and a tensioning system. Also, the
same training criteria and well control procedures are being
taught for floating drilling vessels, regardless of water

depth.
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CHAPTER I
INTRODUCTION

The most costly events that have ever occurred in the
history of the o0il industry are losses of well control or
more commonly called "blowouts'". Serious losses to life,
property, and the environment have been directly related
to "blowouts', yet little emphasis has ever been placed on
well control when embarking on new frontiers of exploration.
It has taken events such as those which occurred at Spin-
dletop and the Santa Barbara Channel to remind the oil in-
dustry of the importance of well control procedures. In a
continuing search for hydrocarbon deposits or accumulations
and with the increasing demand for fossil fuels imposed by
the nations of the world, the o0il industry is about to em-
bark onto yet another new frontier, ie, the slopes of the
outer continental shelf and the deep marine sedimentary
basins of the world. If well control theory is to advance
along with the technology now being developed for drilling
in deeper waters, certain aspects of drilling and situa-
tiéns which could develop must be studied and analyzed.

At the beginning of the century, technology was such
that drilling was limited to land base operations. There

1



was no real need to explore tracts in any marine environ-
ment. Many methods of well control were developed for

these land rigs. However, the only methods which were suc-
cessful, all had the same general principle of keeping the
bottom hole pressure constant at a value slightly above the
formation pressure while pumping out a kick. The most com-
mon methods used were the "Driller's Method”,‘the "Wait-and-
Weitht Method", and the "Circulate-and-Weight Method". There
are relative advantages for each method. The Driller's
Method is the simplest to teach and understand. The Circu-
late-and-Weight Method uses a minimum of non-circulating
time and requires only minimal equipment for increasing mud
density. The Wait-and-Weight Method has the lowest casing
and casing seat pressures and least danger of lost circula-
tion.

In the late 1940's, the industry's search for new accu-
mulations of petroleum had led to the shallow marine envir-
onments of the outer continental shelf. Jack-up and sub-
mersible drilling rigs were designed to drill in this type
of environment. These rigs were supported by the sea bot-
tom with the BOP equipment located on the surface. They
had their drilling decks fixed in respect to the sea floor.
This enabled a conductor pipe to be driven into the sea
floor to provide support for a BOP stack. Both jack-ups
and submersibles contained their own BOP equipment, choke
and kill manifold, standpipe manifold, and piping and valve

arrangement, which differed slightly from rig to rig. How-
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ever, the same blowout prevention equipment, piping arrange-
ments, and techniques used to circulate out a kick on the
land rigs were applied to the jack-ups and submersibles.

As time progressed drilling activity expanded into deeper
water depths. Eventually, water depth was the limiting
factor for both the jack-up and the submersible rigs. Most
of these rigs could not drill in water depths beyond 300 ft.

By the early 1960's, semisubmersible rigs and drill-
ships were developed that could drill from a floating posi-
tion. With the advent of floating vessels, the BOP stack
could no longer be fixed to the conductor pipe at a surface
location. The continuous motion of the floating vessels in
the deeper waters required that the blowout preventers be
installed on the ocean floor. In addition, emergency con-
ditions, usually adverse weather, might force a rig to sus-
pend operations or move off location. With the BOP stack
and wellhead on the ocean floor the marine riser could be
removed with little danger of damage to the well.

In 1974, Shell 0il Company drilled the first well in
2,000 feet of water.1 In the summer of 1979 Texaco Canada
drilled a well off the coast of Newfoundland in 4876 feet.z
Figure 1.1 illustrates how rapidly the industry is pro-
gressing into deeper water depths.3 The o0il industry is not
only continuing to set water depth records, but the number
of deep water wells is steadily increasing. This trend is
shown by Figure 1.2.3 In 1980, nineteen wells were drilled

in waters deeper than 2,000 feetﬂ3
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Drilling from a floating vessel has opened up many
problem areas which should be investigated. One such pro-
blem area is in we}l control procedures. The techniques
of well control developed for land based drilling rigs
are still being empioyed on floating vessels. Choke and
kill lines are still being utilized for mud returns and
adjustable choke valves are used to maintain constant bot-
tom hole pressures. By placing the BOP stack on the sea
floor and running the choke and kill lines from the sea
floor back to the surface, the frictional pressure drops
occurring in these lines become quite significant as water
depths increases.

The primary objectives of this report are to identify
the floating drilling vessels capable of drilling in 2,000
feet of water or deeper, and to inventory the well control
equipment contained on these drilling vessels. In addition,
the current well control procedures employed during a well
control operation will be examined. Future studies will
utilize the information and data gathered by this study to

address the specific well control problem areas.
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CHAPTER II
SURVEY OF DEEP WATER DRILLING VESSELS

Every second year a '"Directory of Marine Drilling
Rigs" is produced by Gulf Publishing Company4. This direc-
tory includes all available marine drilling rigs, ie, bar-
ges, submersibles, jack-ups, semisubmersibles, and drill-
ships. It was through the use of this directory, that the

rig owners were contacted.

2.1 Deep Water Rig Availability.

Glancing at the '"Directory of Marine Drilling Rigs4”,

one could infer that there is an abundant supply of marine
rigs available. Four hundred and sixty three rigs are
listed along with their specifications and descriptions
and description. However,‘reviewing specifications for
those rigs capable of drilling in deep waters indicates
how limited the selection becomes. Drilling barges, sub-
mersible and jack-up rigs are all limited by water depth.
Most submersible rigs are restricted to a maximum water
depth of 75 feet of water; and most drilling barges are
limited to 110 feet of water. The maximum water depth of

jack-up rigs is about 300 feet of water. This leaves us
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with just two types of rigs capable of drilling in water
depths of 300 feet or deeper, semisubmersibles and drill-
ships.

Most semisubmersibles were constructed to operate on
the outer continental shelf. This is generally considered
to be in water depths approaching 600 to 800 feet. Only a
small percentage of the semisubmersibles are equipped to
drill in deeper waters. There are only 67 semisubmersible
rigs equipped to drill in 1,000 feet of water. Only 11
semisubmersibles are capable of drilling in water depths
greater than 2,000 feet. Table 2.1 lists these Vessels.4

There are even fewer drillships available to the in-

dustry. Of the 75 drillships, only 17 are equipped to drill

in water depths greater than 2,000 feet. Table 2.2 is a

listing of these drillships.?

Figure 2.1 illustrates the significant reduction of
floating drilling vessels available for drilling in deep
waters. In all there are only 28 drilling vessels world-

wide capable of drilling in 2,000 feet of water or deeper.

2.2 Survey Sample.

Of the 28 drilling vessels equipped to drill in deep.
waters, 7 are owned and operated by foreign companies.
Fifteen are owned by 4 American companies. The remaining
6 vessels are individually owned by 6 American companies.
By elimination of the foreign owned vessels, and concen-

trating on the American owned vessels, 22 vessels remained
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that were capable of drilling in deep water; only 9 of
those have actually drilled in water depths exceeding 2,000
feet.

Through 1980, only 66 wells have been drilled in water
depths of 2,000 feet or deeper.3 Table 2.3 lists these
wells by year giving the location and drilling vessel used
to drill each well. Table 2.4 shows the number of wells
that each vessel has drilled in 2,000 feet of water or deep-
er. The Discoverer Seven Seas, the Sedco 472, and the Sedco
445 have drilled over half of the deep water wells. The
Discoverer Seven Seas hold the water depth record for the
well drilled by Texaco Canada off the shore of Newfoundland
in 4,876 feet of water.>

The owners of these 9 American owned drilling vessels

were contacted for information concerning their rigs.

2.3 Survey Results.

All 9 of the rig owners contacted responded by supply-
ing brochures containing the equipment carried on each of
their rigs. Some of this literature was more descriptive
than others, but all contained information on the subsea
equipment used. Besides these 9 drilling vessels, equip-
ment information on the '""Pelerin'" a foreign owned vessel,
appeared in one of the trade journals.5 Using the equip-
meht description for these 10 drilling vessels, the equip-
ment manufacturers were contacted to submit information

concerning their subsea equipment. All of these equipment

12
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Table 2.4‘— Number of Wells Drilled in 2,000 Feet

of Water or Deeper per Drilling Vessel3

Number of

Rig Name Wells Drilled
Sedco 472 14
Discoverer Seven Seas 13
Sedco 445 8
Discoverer 534 7
Ben Ocean Lancer 5
Pelerin* S
Sedco/BP 471 4
Penrod 74 4
Sedco 709 3
Pacnorse* 1
Zapata Concord 1
Petrel* X 1

66

¥ Foreign Owned Vessel



manufacturers responded by sending equipment catalogs.
These equipment catalogs contained information on dimen-
sions, weights, and pressure ratings for the various com-
ponents, which will be described in the next chapter.

Under the laws established for drilling in U.S. fed-
eral waters, drilling rig personnel must be trained in well
control procedures from an approved U.S.G.S. training
course.6 This topic will be discussed in Chapter IV.

Eleven courses are conducted within individual oil companies
and have been approved by the Geological Survey. The train-
ing manuals for these 11 operator courses were requested
from the Geological Survey. Because the volume of the
materials requested was too great to send by mail, only

four manuals were obtained. The Geological Survey assured
that these manuals are typical course manuals and should

provide a representative sample of an operators itinerary.

2.4 Typical Piping Diagrams.

In addition to the equipment information gathered on
the 10 drilling vessels that have already drilled in 2,000
feet of water or deeper, piping diagrams of the well con-
trol equipment used on the Alaskan Star and the Zapata
Concord were obtained. These rigs happened to be drilling
in the Gulf of Mexico at the time of this study, and were
available for a personal inspection. Both of these rigs
are capable of drilling in deep waters, and the Zapata

Concord has already drilled a well for Phillips Petroleum

17
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in the Mississippi Canyon in a water depth of 2,150 feet.3

The operators of the Alaskan Star and the Zapata Concord

were contacted and arrangements were made to tour these rigs,

The equipment contained on these vessels and all the piping
and valve arrangements were visually inspected. Rig per-
sonnel provided schematic diagrams of the choke and kill
manifold, standpipe manifold, and leW diagrams. While the
actual placement of these manifolds varied according to the
rig layout, the flow path and valve arrangements were the
same. All the piping and valves on the rigs were perman-
ently attached to the rig structure. Figures 2.2 thru 2.6
are flow diagrams of the piping and valve arrangements of
the high pressure mud return system used on the Zapata
Concord. TFigure 2.7 shows the same piping and valve ar-
rangement used on the Alaskan Star. Both of these flow
paths are similar in that flow may be directed from the
choke and kill lines through a manifold to either the shale
shaker, the mud/gas separator, the flare or vent lines, or
to the standpipe manifold.. Flow may also be directed from
the mud pumps or cement:pumps through the choke and kill
manifold down either the choke or kill line or both, and
into the wellbore annuli. The manifolds on the various com-
ponents, ie, choke and kill, standpipe, or cement manifolds,
provide almost any flow path desired in a well control op-
efation. These flow paths are typical of any floating
drilling vessel using a subsea BOP stack assembly.

Figure 2.8 is a similar flow diagram while utilizing
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a diverter system. Low pressure flow may be directed to
either a port or a starboard vent line, a trip tank, or the

shale shaker, depending on the situation encountered.
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CHAPTER III
DESCRIPTION OF AVAILABLE WELL CONTROL EQUIPMENT

The well control equipment used on floating drilling
vessels is available from only a limited number of suppli- -
ers. The equipment used for well control, such as blowout
prevention equipment, riser systems, and diverter systems
were custom designed for the drilling industry. Conse-
duently, only the major oil field suppliers entered the mar-
ket for well control equipment. Existing floating drilling
vessels have unique piping and valve arrangements dictated
by the general layout of the rig itself. However, the well
control equipment used on these rigs can only be obtained
from this limited number of suppliers.

The well control system consists of the following com-
ponents (1) The Blowout Preventer Stack, (2) The Control
System, (3) The Marine ﬁiser, (4) The Diverter System, and
(5) The Choke and Kill Manifolds. The following sections
will discuss the types of equipment used on floating drill-
ing vessels and any government regulations or API recommend-

ed practices that are applicable.

3.1 The Blowout Preventer Stack

The subsea Blowout Preventér (BOP) stack as discussed
27
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herein will consist of (1) a guidebase, (2) a subsea well-
head assembly, (3) various combinations of ram-type and
annular-type blowout prevehters, and (4) a lower marine
riser connector. Fifty-eight (58) of the sixty-six (66)
wells drilled in deep water, were drilled by rigs employing
a guidelineless drilling system.3 Drilling without guide-
lines utilizes a temporary guidebase attached directly to
the sea floor, to which a permanent guidebase can be aligned,

3.1.1 A Guidebase

The temporary guidebase consists of a large diameter
reentry funnel with a flat bottomed base mounted on top of
a caisson. The funnel is cone shaped to provide easy re-
entry of tools into the borehole and guiding the stack into
the wellhead. It provides for landing of subsequent casing
string and the wellhead assembly. Four sonar reflectors
are positioned around the periphery of the base on extension
arms. Figure 3.1 illustrates a temporary guidebase.7

The permanent guidebase, Figure 3.2, consists of a
large diameter funnel with gimbal pads on the underside.7
The gimbal pads are designed to land on the funnel of the
temporary guidebase and allow the permanent guidebase to
set level. At the base of the permanent guidebase is a
profile for accepting the conductor housing. A diverter
assembly can be installed to divert returns and cuttings
out through the discharge lines away from the base tem-

plate. Vetco Offshore Group and National Supply Co. are

the major suppliers of guidebases.
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3.1.2 A Subsea Wellhead Assembly

The wellhead is the starting point for most blowout-
preventer assemblies. It is a vital 1link between the cas-
ing and the preventer equipment. The surface casing is
nearly always welded to the wellhead housing. Subsequent
casing strings are then run using the well-housing for sup-
port. TFigure 3.3 illustrates a subsea wellhead system.8
The wellhead housing also provides a pressure seal and hold
down arrangement between the surface casing and BOP stack.
There are many suppliers for subsea wellhead assemblies,
such as B.J. Hughes, Cameron Iron Works, National Supply

Co., Regan Offshore, and Vetco Offshore.

3.1.3 Various Combinations of Ram-type and Annular-type

Blowout Preventers

Blowout-preveﬁters for a floating drilling rig serve
the same purpose as conventional land drilling. They pro-
vide a means of pressure control when an undesired flow
develops, and they provide for circulating and conditioning
the drilling fluid during & flow condition. The blowout
preventer stack must aiéo permit:

1. sustained circulation under pressure for prolonged

periods of time;

2. such actions as hanging off the drill pipe, closing

in the well, and moving the drill vessel off location;
3. the reestablishment of the drill vessel on location
and the monitoring and reestablishment of circulation

down the drill pipe; and

30
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4. alternate methods of well control in case of fail-

ure of any pa}t of the BOP stack.

Any assembly of blowout prevention equipment must be rated
by the lowest pressure-rated item in the hookup, whether

it is the casing, casing-head, preventers, or the other fit-
tings exposed to pressure. The BOP equipment used on the
rigs surveyed were rated at 10,000 psi, and were either
18-3/4 inches or 16-3/4 inches in size. Table 3.1 is a
listing of the rigs surveyed giving the size and pressure
ratings of the BOP equipment on each.

A typical subsea BOP stack contains four ram-type pre-
venters and two annular-type preventers. The arrangement
of these preventers is determined by the o0il company to
which the rig is contracted, but the most commonly used
arrangements are shown in Figure 3.4. These two arrange-
ments are those recommended by the API in Recommended Prac-

tice No. 53.2

The arrangements of subsea blowout preventer
stacks are similar to the typical surface‘installations
with certain differences. The differences are:
1. Choke and kill lines normally are connected to ram
preventer body outlets.
2. Spools may be used to space preventers for shear-
ing tubulars, hanging off drill pipe, or stripping
operations.

3. Choke and kill lines are manifolded for dual pur-
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Figure 3.4 - Most commonly used preventer arrangements.

(API RP53)
A = annular-type blowout preventer
R = ram-iype preventer
CH = remotely operated high pressure connector used to attach

wellhead or preventers to each other.

L = remotely operated low pressure connector used to attach
marine riser to the blowout preventer stiack.



pose usage.

4. Blind/shear rams are normally used in place of

blind rams.

5. Ram preventers are usually equipped with an inte-

gral or remotely operated locking system.

Ram-type BOPs for subsea service differ only slightly
from those used on land. The primary difference is the
addition of a remote ram-locking device. As one might ex-

pect, the same companies that supply the ram-type BOPs also

supply the subsea BOPs. Cameron Iron Works, Hydril Company,

and NL Rig Equipment are the largest suppliers of this type
of equipment. Tables 3.2 and 3.3 contain a listing by man-
ufacturers of the various dimensions and weights for ram-
type blowout prevente:rs.lo_12 Eight of the rigs surveyed

were equipped with Cameron ram "type U" preventers. The

other 2 rigs did not indicate the manufacturer of their

ram preventers. The ram-type preventers must be fitted with

rams that fit the size pipe in the hole and can not be used
except on round shapes. It is absolutely vital that the
pipe rams in a blowout preventer stack fit the pipe that is
in use. If more than ohe size of pipe is in use U.S.G.S.
OCS Order No. 26 requires that a second ram-type preventer
be in the stack in order to have both sizes of rams avail-
able for instant use. In subsea applications, ram-locking
isvaccomplished hydraulically. Many of the rigs surveyed
also had acoustic backups for closing the BOP's. When rams

have been locked in the closed position, loss of hydraulic
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pressure does not affect operation.

The annular-type preventer employs a ring of rein-
forced synthetic rubber as a packing unit that surrounds
the wellbore to effect a shutoff. Annular preventers can
effect pressure shutoff on any object of any shape or dia-
meter that might be in the hole. Thus an annular BOP can
be closed on the drill string the moment a kick is detected,
irrespective of the position of a tool joint relative to the
BOP stack. Once the annular BOP is closed on the drill
string, the operator can raise or lower the pipe until the
tool joint is clear of the stack, after which the proper
ram-type preventer may be closed. The annular BOP can be
used for continuous stripping. Since tool joints will pass
through the closed annular BOP without damage to the packer,
continuous stripping either into or out of the hole is pos-
sible. Stripping into the hole is often necessary when a
kick occurs, since it is necessary to get the pipe back
down to the bottom of the hole for total circulation. Con-
tinuous stripping represents a substantial saving of rig
time as compared to thé'”hand over hand" stripping that is
necessary when stripping through closed rams. Of the rigs
surveyed, five were equipped with Shaffer annular preventers
while three rigs contained Hydril preventers.

3.1.4 A Lower Marine Riser Connector

A low-pressure connector on the top of the BOP stack
connects the marine riser to the BOP stack. The lower

marine riser assembly rotates to align and connect the
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hydraulic lines as well as choke and kill line subs. The
BOP stack remains stationary as the lower riser assembly

is rotated until the locking pin engages the slot in the
receiver plate or the BOP stack. When the pin is engaged,
the retractable connectors in the lower marine riser stab
plate are aligned with the receptacle openings of the BOP
receiver plate. Hydraulic pressure applied to the recepta-
cle connectors extend the connectors into the receptacle
openings. Cameron Iron Works is one company which provides
for this type of connector.

Figure 3.5 is the Zapata Concord's blowout preventer
stack assembly. This stack is a 10,000 psi, 18-1/4 inch
BOP assembly composed of two Cameron type U double ram
preventers, and two N L Rig spherical preventers. The num-
ber 1 pipe ram is a shear/blind ram. The number 2 and 4
rams are 5 inch pipe rams, and the number 3 ram is a 3-1/2
inch pipe ram. Note that the second spherical preventer
is actually attached to the lower marine riser package.
This is a typical subsea blowout preventer stack arrange-

ment for the deep water floaters.

3.2 The Control System

The control system is a means to operate and control
the equipment on the BOP stack from the surface location by
electrically, hydraulically, or acoustically opening and
closing the various preventers. The control system must

also handle the choke and kill line valves as well as pro-
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vide a means to connect and disconﬁect the BOP stack. The
control system plays an important role in any well control
operation. The rapid closure of the preventers is essen-
tial, not only to minimize entry of fluid into the wellbore,
but also to lessen the damage to the rams and packing units
due to mud abrasion. The control system is composed of
surface equipment, subsea hose reels, and subsea remotely
controlled pods. The surface equipment includes accumula-
tor banks, power supplies, and various control panels. The
subsea hose reels provide storage for the hydraulic hoses
and/or electric cables which provide communication be-
tween the surface equipment and subsea control pods. The
subsea control pods receive signals from the surface con-
trol panels and perform the actual opening and closing of
the BOP stack preventers and valves.

The surface components include accumulators of suffi-
cient capacity to close all the units in the BOP assembly
at least once with a reasonable reserve of fluid and pres-
sure. In addition to the surface accumulators, subsea
accumulators are placed on the BOP stack. Because of their
proximity to the control pods, the subsea accumulators pro-
vide high pressure and high flow rates for faster operation
of the stack functions.

Two systems have been developed for remote control of

13 The first is a completely hydraulic

the stack equipment.
control system. The control hoses are stored on powered

reels on the floating rig and are attached to a separate



wireline cable as they are lowered to the subsea BOP stack.
The opening and closing of the preventers and valves on the
BOP stack are accomplished by sending hydraulic signals

from the surface control panel down through the hydraulic
hose lines to the subsea control pods. Hydraulic pressure
is then directed tp the appropriate preventer or valve on
the BOP stack. The pressure drop through the long hydraulic
lines may become so great that the closing time becomes
difficult.

In the second system, the surface control panel trans-
mits electrical commands to the subsea BOP control pod
through an electrical cable. The subsea electrical com-
ponents receive these commands and convert them into hy-
draulic signals for operation of the BOP stack components.
This type of system is called and electro-hydraulic system
and boasts of a quicker surface to BOP stack response time.
Both the fotally hydraulic and the electro-hydraulic con-
trol systems are equipped with two pods and control cables
to have 100 percent standby capacity in case of failure of
one pod. Each pod is c&mpletely independent of the other.

‘ In addition to the hydraulic and electro-hydraulic
systems that are employed in the control system, an acous-
tic system is also available in which a transducer is mount-
ed on the hull of the drillship or floating rig. This
transducer sends signals to a receiving transducer located
on the subsea stack. The subsea unit then actuates the

appropriate solenoid wvalves, which control the stack pre-
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venters and valves. The subsea unit can then transmit sig-
nals back to the surface unit confirming that the desired
action is completed. This system is now being employed
strictly as a backup to the previously described control
systems.

Of the rigs surveyed, most are equipped with the elec-
tro-hydraulic control system. The remaining rigs are
equipped with the totally hydraulic system. The majority
of the rigs surveyed do have an acoustic backup system.

API Recommended Practice No. 539 suggests as a minimum
requirement, closing units for subsea installations should
be equipped with accumulator bottles with sufficient volu-
metric capacity to provide the usable fluid Volume* (with
pumps inoperative) to open and close the ram preventers and
one annular preventer and retain a 50 percent reserve.

The accumulator pumps and closing manifold should be
located at a safe distance from the well. An alternate
control panel should be located on the rig floor or at
another location convenient to the driller. Alternate
means of producing hydréulic pressure should be provided
in case the main system fails. The usual hydraulic-power-
arrangement is to provide electrically driven pumps, with
standby air-powered pumps plus stored compressed air.

API Recommended Practice No. 539 suggests that a flow

Usable fluyid volume is defined as the volume of fluid
recoverable from an accumulator between the accumulator

operating pressure and 200 psi above the precharge pressure.
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meter be included in the surface control system in which
the volume of fluid going to a particular function will
indicate if that function is operating properly.

API Recommended Practice No. 539 suggests the combina-
tion of air and electric pumps should be capable of charging
the entire accumulator system from precharge to the maximum
rated charge pressure in fifteen minutes or less. The
pumps should be installed so that when the accumulator
pressure drops to 90 percent of the preset level, a pressure
switch is triggered and the pumps are automatically turned

on.

3.3 Marine Riser Systems

A marine riser system is used to provide a return flow
path from the wellbore to the floating drilling vesselyand
to guide the drill string and tools to the wellhead on the
ocean floor. Components of this system include remotely
operated connectors, flexible (ball) joints, riser sections,
telescopic joints, and tensioners. The marine riser system
should have adequate stfength to withstand:

1. dynamic loads while running and pulling the blow-

out preventer stack;

2. 1lateral forces from current and acceptable vessel

displacement;

3. cyclic forces from waves and vessel movement;

4. axial loads from the riser weight, drilling fluid

weight, and any free standing pipe within the riser;



5. axial tension from the riser tensioning system

at the surface or from buoyancy modules attached
to the exterior of the riser.

Internal pressure rating of the marine riser systen,
ie, pipe, connectors, and flexible Jjoint, should be at least
equal to the rated working pressure of the diverter system
plus the maximum difference in hydrostatic pressures of the
drilling fluid and sea water at the ocean floor.

A remotely operated connector (hydraulically actuated)
connects the riser pipe to the blowout preventer stack and
can also be used as an emergency disconnect from the preven-
ter stack should conditions warrant. Connector internal
diameter should be at least equal to the internal bore of
the blowout preventer stack. Its pressure rating can be
equal to either the other components of the riser system or
to the rated working pressure of the blowout preventer
stack. On most of the rigs, an annular preventer is in-
cluded in the lower riser package, thus the hydraulic con-

. nector should have a pressure rating conforming to the pre-
venters in the stack. )

A flexible joint (ball joint) is used in the marine
riser system to minimize bending movements, stress concen-
trations, and problems of misaligned engagement. The angu-
lar freedom of a flexible joint is normally 10 degrees from
vertical. The flexible joint ié always installed at the
bottom of the riser system immediately above the annular

preventer.
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Riser pipe size is determined by the bore of the blow-
out preventer stack and wellhead, with allowance for clear-
ance in running drilling assemblies, casing, and hangers.
For 16-3/4 inch BOP stack, an 18-5/8 inch O0.D. riser pipe
is uséd. An 18-3/4 inch BOP stack employs a 21 inch O.D.
riser, usually with 1/2 inch wall thickness. Riser pipe
joints are normally made to standard lengths of 50 feet.
Pipe joints 5, 10, 15, and 25 feet long are employed to
obtain assemblies shorter than even encrements of the 50
foot lengths.

Marine riser connectors are designed to minimize in-
stallation time of the riser system. The riser connectors
must be able to support the weight of the BOP stack as it
is lowered and landed on the wellhead. The integral marine
riser, the standard arrangement at this time, has the choke
and kill lines installed on the riser joints so that they
are simultaneously stabbed and made up when the riser con-
nector is made up. This eliminates the handling, rigging,
and running time that was necessary with older types of
systems. The choke and,kill lines can be tested while be-
ing run to ensure that they are pressure tight using the
integral riser system. The choke and kill lines on the
marine riser terminate at the telescopic joint just below
the vessel hull. Flexible lines extend from the telescopic
joint to the drilling vessel where connections are made to
lines leading to the choke and kill manifold. The choke

and kill lines on the rigs surveyed are pressure rated at
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10,000 psi. The choke and kill lines are normally 3 inch
0. D..

The telescopic, or slip joint is used at the top of
the marine riser and functions as follows:

1. It compensates for vertical movement (heave) of

the vessel while drilling.

2. It provides a means of connecting a bell nipple or

diverter assembly to the riser.

3. It provides fittings for choke and kill line hoses

to the drilling vessel.

4., It provides attachment for the riser tensioner

system.

A telescopic joint (Figure 3.6) is comprised of an
outer barrel attached to the marine riser assembly and an
inner barrel attached to the drilling vessel. The bell-
nipple or diverter assembly is attached to the inner barrel
which in turn is suspended from the rotary beams of the rig.
The outer barrel is connected to the top.joint of the marine
riser and has connections for attachment of the riser-
tensioning lines. The stroke length of the inner barrel
inside the outer barrel is usually on the order of 40 to
50 feet.

The outer barrel of the telescopic joint is connected
to the riser pipe and remains fixed with respect to the
océan floor. It is suspended from the floating vessel by
means of the tensioning system. It provides connections

for the kill and choke lines.
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The inner barrel is attached to and moves with the
drilling vessel. It has an internal diameter that makes it
compatible with other parts of the riser system. The top
of the inner barrel is attached to the bell-nipple, or di-
verter system, and to the mud-return circulating system of
the rig.

The major suppliers of marine riser systems are Cameron
Iron Works, National Supply Company, Regan Offshore, and

Vetco Offshore.

3.4 The Diverter System

A diverter system is a means of controlling well flows
encountered at relatively shallow depths by directing the
flow away from the rig. A diverter system gives a degree
of protection prior to setting the casing string on which
the blowout preventer stack is installed. It is designed to
pack off around the kelly or drill string and direct flow
safely away from the drill vessel. Valves in the system
direct the well flow through piping on the vessel so that
gas vented downwind (Figure 3.7).

When a diverter system is used, there must be a short
string of casing or drive pipe installed below the mudline.
A marine riser is attached to this casing, and the diverter
system is connected to the inner barrel of the telescopic
joint and secured to the rig substructure.

Vent lines from the diverter usually have large dia-

meters (10 inches or more) and are designed to divert well
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fluids with a minimum of back pressure on the well. They
are directed to opposite extremities of the vessel. All
valves in the diverter line are full opening and designed
to automatically open whenever the diverter is closed.

High pressure on the diverter is not practical be-
cause the telescopic joint pack off seal is not useful for
pressure exceeding 50 to 100 psi. Excessive pressure on the
diverter could cause formation rupture and cratering around
the conductor casing and create a very hazardous condition
for the floating rig.

Most of the functions of the diverter system are hy-
draulically operated from the diverter control panel. Once
the diverter is closed on the drill string, the flow line
on the shale shaker is automatically closed and the port or
starboard line valve is opened depending on wind diréction.

Both Regan Offshore and Vetco Offshore offer diverter
systems which can be run through 37-1/4 inch or 49-1/2 inch
rotary tables and land in the housing built into the rotary

table beams.

3.5 The Choke and Xill Manifolds

If the hydrostatic head of the drilling fluid is insuf-
ficient to control subsurface pressure, formation fluids
will flow into the well. To maintain well control, back
préssure is applied by routing mud returns through adjust-
able chokes until the well flow condition is corrected.

The chokes are connected to the blowout preventer stack



through an arrangement of valves, fittings, and lines which
provide alternative return flow routes or permit the flow
to be halted entirely. This equipment assemblage is des-
ignated the ''choke manifold'". Figure 3.8 illustrates a
typical choke and kill manifold assembly for a subsea in-
stallation with facilities adequate for 10,000 psi rated
working pressure.9 On subsea installations, choke and kill
lines are manifolded to permit pumping through either line.
Other features are remotely controlled adjustable chokes,
duplicate adjustable choke systems (manual) to permit con-
trol through either the choke or kill line, double valves
immediately upstream of each choke, an accurate préssure
gauge, and tie—ins to both drilling fluid and high pressure
pump systems.

The API Recommended Practice No. 539

for planning and
installation of choke manifolds for subsea installations
include:
1. the assembly, connections, full-opening valves,
fittings, piping, etc., subject to well or pump pres-
sure should be flanged, clamped, or welded and have a
rated working pressure at least equal to the rated
working pressure of the blowout preventers.
2. all components should be selected in accordance
with applicable API Specifications, taking into consi-
deration pressures, volumes, temperatures, and condi-
tions under which they may be operated.

3. the assembly should be 3 inch nominal diameter or
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larger, have a minimum number of turns, and be securely
anchored. Turns in the assembly should be targeted.

4. the choke control station, whether at the manifold
or remote from the rig floor, should be as convenient
as possible and should include all monitors necessary
to furnish an overview of the well control situation.
The ability to monitor and control from the same loca-
tion such items as standpipe pressure, casing pressure,
pump strokes, etc., greatly increases well control
efficiency.

5. rig air systems should be checked to assure their
adequacy to provide the necessary pressure and volume
requirements for controls and chokes. A redundant
automatic choke control system should be provided in
the event that air becomes unavailable.

6. ititial testing of the entire choke manifold assem-
bly to the rated working pressure of the preventers
should be performed when the blowout preventer stack

is on the test pump,'and thereafter whenever the blow-
out preventers are tested.

7. 1lines downstream of the choke manifold are normally
not required to contain rated manifold working pressure,
but should be tested during the initial installation.
8. 1lines downstream of the choke manifold should be
securely anchored, be of sufficient size to minimize
friction, and permit flow direction either to a mud/

gas separator, ventlines, or to production facilities
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or emergency storage. Two vent lines diametrically

opposite one another are required to compensate for

variations in- wind direction.

Choke and kill manifolds are permanently installed at
the time of rig construction. However all of the rigs sur-

veyed utilized the recommended configuration of the API.

3.6 Government Regulations

This report addresses only those rigs capable of drill-
ing in 2,000 feet of water or greater. Consequently the
only government regulatory body that is responsible for
drilling in this water depth is the U. S. Geological Survey.
When a lease is issued by the Department of Interior to a
individual operator, the operator is required to abide by
any rules, regulations, or OCS Orders issued in accordance
with the Outer Continental Shelf Lands Act14. OCS Order
No. 26 was issued by the U.S.G.S. to govern drilling opera-
tions on the Outer Continental Shelf. Among other things
Order No. 26 sets guidelines for BOP equipment and well
control standards which.must be met while drilling on the
0Cs.

Section 5 of Order No. 26 deals with Blowout Preventer
equipment requirements. It sets minimum requirements for
any blowout preventer system, such as:

1. A hydraulic actuating system that provides suffi-

cient accumulator capacity to supply 1.5 times the

volume necessary to close all BOP equipment units with
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a minimum pressure of 1,400 kPa (203 psi) above the
precharge pressure. An accumulator backup system,
supplied by a. secondary power source independent

from the primary power source, shall be provided with
sufficient capacity to close all blowout preventers
and hold them closed. Locking devices shall be pro-
vided on the ram-type preventers. The method of BOP
actuation control, such as hydraulic, acoustic, or
other methods, shall be described and included in the
Application for Permit to Drill.

2. At least one operable remote blowout-preventer-
control station, in addition to the one on the drilling
floor. This control station shall be in a readily
accessible location away from the drilling floor.

3. A drilling spool with side outlets, if side out-
lets are not provided in the BOP body, to provide for
separate kill and choke lines.

4. A kill line equipped with 2 kill-line valves is
required. The master.valve shall be located adjacent
to the BOP. This valve shall not normally be used for
opening or closing on flowing fluid. The second valve
shall be located adjacent to the master valve. The
valve shall be used as the control valve.

5. A fill-up line above the uppermost preventer.

6. A choke manifold equipped in accordance with

"API Recommended Practice for Blowout-Prevention Equip-

ment Systems,'" API RP 539, First Edition, February 1976
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reissued February 1978, Sections 3A and 3B, or sub-

sequent revisions which the Chief, Conservation Divi-

sion, has approved for use.

7. Valves, pipes, flexible steel hoses, and other

fittings upstream of, and including, the choke manifold

shall have a pressure rating at least equal to the
anticipated surface pressure.

8. A wellhead assembly with a working pressure at

least equal to the anticipated surface pressure.

In addition, Section 5.2 of OCS Order No.26 sets mini-
mum requirements for drilling below the casing strings for
subsea blowout preventer stacks as follows:
Drive oxr Structural
1 - Annular
1 - Diverter System - Diverter systems installed prior to
the effective date of this Order shall include a minimum of
two 10-centimeter (4-inch) internal diameter lines and full-
opening valves. Diverter systems installed or modified
after the effective date of this Order shall include a min-
imum of two 15-centimeter (6-inch) internal diameter lines
and full-opening valves. The flow path from the BOP to the
branch point of diverter lines in new systems shall have a
minimum internal diameter 6f 15-centimeters (6-inches).
Conductor
1 - Annular
1 - Diverter System - Diverter systems installed prior to
the effective date of this Order shall include a minimum of
two 10-centimeter (4-inch) internal diameter lines and full-
opening valves. Diverter systems installed or modified af-
ter the effective date of this Order shall include a mini-
mum of two 15-centimeter (6-inch) internal diameter lines
and full-opening valves. The flow path from the BOP to the

branch point of diverter lines in new systems shall have a
minimum internal diameter of 15-centimeters (6-inches).
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Surface

1 - Annular

1 - Blind Shear Ram
2 - Pipe Rams

Intermediate

1 - Annular
1 - Blind Shear Ram
2 - Pipe Rams - When a tapered drill string is in use, the
BOP stack shall be equipped with two (2) sets of pipe rams
for the larger size string and one (1) set for the smaller
size string of drill pipe.

The following sections of OCS Order No. 26 set mini-

mum testing requirements.

5.7.1 BOP Testing Frequency. Surface and subsea BOP

stacks shall be tested as follows:

a. When installed.

b. Before drilling out after each string of casing
has been set.

c. At least once each week, but not exceeding 7 days
between tests, alternating between control stations. A
period of more than 7 dé&s between blowout-preventer tests
is allowed when well operations prevent testing and
remedial efforts are being performed, provided the tests
will be conducted as soon as possible before normal
operations resume, and the reason for postponing testing
is entered into the log. Well operations which prevent
testing are stuck drill pipe and pressure control opera-

tions. Testing shall be at staggered intervals to allow
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each drilling crew to operate the equipment.
d. Following repairs that require disconnecting a
pressure seal in the assembly.

§;7;3 Pressure Testing Subsea BOP Systems. Subsea BOPs

and all related well-control equipment shall be tested

at the surface with water to the anticipated surface
pressure, except that the annular-type BOP shall not be
tested above 70 percent of its rated working pressure.
After the installation of the BOP stack on the seafloor,
the control equipment and pipe rams, conforming to the
drill string within the stack, shall be tested at the an-
ticipated surface pressure or at 70 percent of the mini-
mum internal yield pressure of the casing, whichever is
the lesser. The annular-type BOP shall be tested at 70
percent of its rated working pressure or 70 percent of the
minimum internal yield pressure of the casing, whichever
is the lesser. Before drilling out of each casing or
liner shoe, the blind rams shall be tested as required

for pipe rams. After drilling out of each casing or liner
shoe, the blind rams need not be tested until before drill-
ing out the subsegquent casing or liner shoe.

5.7.5 Actuation of Subsea BOP Systems. The actua-

tion frequency requirements for subsea BOP systems shall be:

a. Pipe rams shall be actuated every other day. In
order to prevent damage to the rams, complete closure of
the rams on the drill pipe is not required, provided

movement of the rams is indicated by the hydraulic system



pressure and flow indicators.

b. The blind shear rams shall be actuated once each
trip from alternatée control stations and control systems;
however, not more than once each day if multiple trips are
made. During the weekly pressure tests, all hydraulic
systems except thbse actuating the blind shear rams shall
be actuated from each control station and control system.

¢. Annular-Type Preventer - Once each week in con-
junction with the pressure test.

d. Control Stations - Once each trip from alternate
control stations, while the drill pipe is out of the hole,;
however, not more than once each day if multiple trips are
made. If either system is not functional, further drill-
ing operations shall be suspended until that system be-
comes operable.

e. Choke manifold valves, kelly cocks, drill pipe
safty valves - Weekly.

Section 5.8 sets inspection and maintenance require-
ments.

Section 5.9 mandates blowout-preventer drills.

6

Section 7 of OCS Order No. 2  sets training standards

which will be discussed in the chapter on procedures.
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CHAPTER IV
CURRENT WELL CONTROL PROCEDURES

The primary method of controlling formation pressures
is accomplished by the weight of the circulating fluid in
the hole. 1In the event that this does not prove adequate,
the hole will be protected by actuating the blowout preven-
ter equipment. This will prevent further intrusion of the
formation fluids into the hole. In this static state, the
proper mud weight can then be calculated. By opening the
choke and kill lines, the formation fluids can then be cir-
culated out of the borehole. Three methods for circulating
out a "kick' from the borehole have been developed. Basi-
cally they all have the same general principle of keeping
the bottom hole pressure constant at a value slightly above

the formation pressure while pumping out the kick.

4.1 Government Regulations

It is critical that the drilling personnel aboard a
rig can recognize the indications that a kick is occurring,
determine that formation fluids have entered the borehole,
and if so can safely and swiftly circulate the formation

fluids from the wellbore. The U.S. Government is requiring
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drilling personnel to attend classroom lectures and hands-
on demonstrations to qualify to drill on offshore locations.
Under U.S.G.S. OCS Order No. 26, paragraph 7.3, all drill-
ers, toolpushers, and operator's representatives should
receive training in well-control operations. In order to
maintain qualifications, drillers, toolpushers, and opera-
tor's representatives should successfully complete a re-
fresher course annually and repeat the basic well-control
course every 4-years. The refresher course should be com-
pleted within 45 days of the students anniversary date.
Records should be maintained at the drill site for the af-
fected personnel, indicating the specific training and re-
fresher courses successfully completed, the dates of com-

pletion, and the names and dates of the courses.

4.2 Approved Well Control Training

Both the basic training course and the refresher course
must be approved by the U.S.G.S.. The U.S. Geological Sur-
vey has issued "Outer Continental Shelf Standard Training
and Qualificatibns of Pérsonnel in Well-Control Equipment
and Techniques for Drilling on Offshore Locations"15 (GSS-
OCS-Ti). This publication presents guidelines for course
curricula. This includes course curricula for the rotary
helper, the derrickman, the driller, the toolpusher, and
operator representative. Topics such as the blowout-
prevention equipment, warning signs of kicks, drilling

fluids, properly shutting in a well for well control pur-
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poses, well control operations, and relevant government
regulations are outlined. The American Petroleum Insti-
tute has published similar training and qualifications
guidelines in their Recommended Practice API RPT--S,16
Both these publications recommend qualification procedures.
This includes prerequisites, the type of test, and docu-
mentation of test results. The rotary helper and derrick-
man are required to participate in a crew performance drill
in which they are to carry out their assignments within

the time limit prescribed for the drill. The drill, tool-
pusher, and operator's representative are required to take
a written and/or verbal test as well as a hands-on demon-
stration of his understanding of the well-control equip-
ment, techniques, and principles outlined in his course
curricula.

A U.S.G.S. representative will visit the training
site to discuss with course lecturers their curricula and
qualifications. He will review the course manuals and
outline to see if they comply with the "Outer Continental
Shelf Standard Training'and Qualifications of Personnel in
Well-Control Equipment and Techniques for Drilling on
Offshore Locations”.15 He may elect to participate in an
actual course before recommending that the course receive
U.8.G.S. approval. To date, 55 schools have received U.S.
G.S. approval for rotary helpers and derrickmen; and 42
schools have been approved by the U.S.G.S. as basic train-

ing courses for the driller, toolpusher, and operator
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representative. Forty-one of these schools have been
approved by the U.S.G.S. for refresher courses for the
driller, toolpusher, and operator representative. Both the
basic training and refresher courses cover the case of
drilling from a bottom supported vessel as well as drilling
from a floating vessel. Tables 4.1 thru 4.3 list these

U.S.G.S. approved training courses.

4.3 Well Shut-in Procedures

Of the 42 approved basic training courses, 11 are con-
ducted by o0il company personnel for in-house training of
their workers. Thesé courses were of special interest in
this study, since in all cases, it is the operator's pre-
rogative to elect the method of well control he will utilize
during the drilling of a well. The U.S.G.S. was contacted
to provide the well control manuals for these 11 courses.
However, due to the 1arge volume of material requested, only
four of these training manuals were received. The U.S.G.S.
stated that these 4 manuals would provide a representative
sample of the course cufricula and procedures recommended
by these courses. The manuals received are from the courses
approved for Exxon Corporation, Cities Service Company, Gulf
Research and Development, and Shell 0il Company.

The shut-in procedures outlined in all four manuals
were identical. Once formation flow into the wellbore is
suspected, the following procedures are recommended:

1. Stop the rotary.
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2. Pick up kelly to previously calculated space
out elevation.
3. Shut ‘down the mud pumps.
4. Check for flow.
5. 1If flowing, notify superintendent and tool-
pusher.
6. Open the subsea choke wvalve on BOP control
panel.
7. Close the annular preventer.
8. Close the adjiustable choke.
9. Record the drill pipe and casing pressures.
10. Record the pit gain.
11. Adjust the closing pressure on the annular BOP.
12. Initiate hang-off procedure.
13. Re-evaluate the shut-in pressures.
14. 1Initiate kill procedures.

The above procedure is for a kick, taken while drill-
ing. All of these operators recommended the 'wait-and-
weight'" method for kill procedure, stating that this method
will produce the lowest'pressures at the casing seat. The
U.S.G.S. personnel responsible for approving training
courses courses confirmed this is the most commonly recom-

mended well control method.

4.4 Pump Start-up Procedures

All the company well control manuals review the 3 well

control methods ie, the '"Drillers Method'", the '"Wait-and-



R

Weight Method", and the "Circulate-and-Weight Method".

All of these manuals suggest using the '"Wait-and-Weight
Method" for floating drilling vessels. The pump start-up
procedures are identical to those employed for surface BOP
operations. A reduced circulating pressure must be prede-
termined by circulating thru the choke line at selected
kill pump speeds. When the kill speed has been determined,
the drill pipe and casing pressures recorded, and the kill
mud weight established, the pump is started up by holding
the casing pressures constant until the desired kill speed

has been established.

4.5 Pump-out Procedures

The drill pipe pressure should be maintained according
to a pressure schedule determined prior to the start-up
procedure until the kill mud weight reaches the bit. Once
the kill mud weight has reached the bit, the drill pipe
pressure is held constant until the annulus has been cir-
culated free of formation fluids. This too is the identical
procedure used on surféée BOP stack arrangements. No
special procedures are suggested when the kick reaches the

sea floor.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

The following conclusions can be drawn as a result
of this investigation:

1. An increasing number of wells are being drilled
each year in record water depths.

2. There are a limited number of floating drilling
vessels currently available to drill in deep waters. ~ Only
those vessels equipped with dynamic positioning have drilled
in deep waters.

3. No modifications have been made to the subsea
equipment contained on these drilling vessels used to drill
in deep waters. The wells drilled in deep waters have all
used a 16-3/4" BOP stack rated at 10,000 psi, using Cameron
ram-type preventers and Hydril or Shaffer annular-type pre-
venters.

4. No special procedures or special training are
provided to drilling personnel for drilling in deep waters.
The U.S.G.S. training requirements address only surface and

subsea BOP stack arrangements, regardless of water depth.
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5.2 Recommendations

1. In order to drill in deep water, a dynamically
positioned drilliné vessel should be used
2. The internal diameter of the choke and kill lines

should be enlarged to insure minimum pressure losses while

circulating thru these lines during well control operations.

3. Structural and conductor casings should be set at
deeper formation depths to provide greater formation

fracture pressures.

73



Appendix

Ben Ocean Lancer

ODECO/Ben Line Offshore Contractors

Constructed by Scott-Lithgow, Scottland; 1976.

Performance: Water depth - 3,000'; Drilling depth - 20,000'.
Subsea Equipment:

Riser - 18-5/8" Riser with a multiplex electro-hydraulic
control system.

Blowout Preventer - 16-3/4", 10,000 psi BOP stack consisting
of two double rams, a lower riser package with 5,000
psi annular preventer.

Special Features and Equipment:

Positioning - Dynamically positioned by five 1,750-hp trans-
versal-mounted thrusters.

Reentry - Acoustic, sonar/TV reentry systems.
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Appendix

Discoverer Seven Seas

The Offshore Company

Constructed by Mitsui, Japan; 1976.

Performance: Water depth - 4,500'; Drilling depth - 25,000"'.
Subsea Equipment:

Riser - 4500 feet of Regan type FCF-8, 18-5/8" 0.D.,
0.688 inch wall thickness. Special 42 inch floata-~
tion cans, with adjustable air columns. All riser
components suitable for H2S service. Two 50 foot
stroke Regan telescopic joints, one with a hydraulic
drive rotating mechanism.

Blowout Preventer - 16-3/4 inch 10,000 psi system consisting
of 2 Cameron double "U'" preventers, 2 Hydril GL
annular preventers, 2 Vetco H-4 hydraulic connectors
and a special design Vetco flex joint in lieu of a
standard pressure balanced ball joint.

BOP Control System - Stewart & Stevenson multiplex system
with acoustic back-up.

Special Features and Equipment:

Positioning - Dynamically positioned with six 3,000 HP Bird
Johnson controllable pitch right angle thrusters and
twin main propulsion screws. Station keeping con-
trolled by Honeywell computerized Automatic Station
Keeping system (ASK), using acoustic reference with
hard wired ball joint angle indicators as back-up
sensors.

Guidelineless Reentry - Hydro products Model STV-145
combination Sonar/TV reentry tool system. Honeywell
RS5 serves as backup.

BOP Control System - Blowout preventer control is a Koomey
Hydraulic Sub-Sea B.0.,P. Control System with the
following components: Master electric drillers con-
trol panel, Merc-15 electric remote control panel,
Model 26300-3S Koomey accumulator unit with 245
gallon mix-fluid reservoir, 100 gallon soluble oil
reservoir, two model 88660 air powered pumps, one
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Appendix (continued)

model T360-60-3 electric driven triplex pump, Model
U3K-19M1/4=1M Hydraulic Control Manifold, 50 eleven
gallon, 3000 psi W. P. separator type accumulator
bottles, two Model RHCS-13-11 8DF Koomey double fe-
male retreivable control pods, two hose reels with
2000 feet of control hose and diverter control panel
The choke manifold is 3-1/16" - 10,000 psi W. P.
having an "H-2" adjustable choke, two "H2'" positive
chokes and one hydraulic operated SWACO super ad-
justable choke.



Appendix

Discoveref 534

The Offshore Company

Constructed by Mitsui, Japan; 1975.

Performance: Water depth - 3,000' ; Drilling depth-25,000".
Subsea Equipment:

Riser - Regan 18-5/8" diameter with 18-5/8" connectors and
integral buoyancy modules for 3,000 feet of water.

Blowout Preventer - Vetco-built stack with H4 connectors,
16-3/4"; 10,000 psi Cameron rams; 5,000 psi Hydril
"GL" annular B.O.P.'s; trimmed for HZS’

BOP Control System - Koomey, model 36240-3S dual redundant
hydraulic system with acoustic backup.

Special Features and Equipment:

Stationkeeping System - Complete Honeywell ASK system w/RS5
position reference.
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Appendix

Pelerin

Helmer Staubo & Co.

Constructed by IHC Gusto, Rotterdam; 1976.

Performance: Water depth - 3,300'; Drilling depth - 20,000".
Subsea Equipment:

Riser - 18-5/8" diameter Cameron riser system with EG 47 T
Mannesman pipes, integral choke, kill and booster
lines, 5/8" riser wall thickness. Ten IHC riser
tensioners, 80,000 1lbs. each, 50 feet stroke with
two inch cables. CIW deep water universal ball joint
and 60 ft. stroke telescopic joint. Emerson &
Cuming flotation modules 48 in. diameter, .48 SG,
net buoyancy of riser system .0975.

Blowout Preventer - Two Rucker-Shaffer bag type 16-3/4 inch
10,000 psi bottom, 5,000 psi top. One Cameron Iron
Works type U double unit BOP stack 16-3/4" 10,000
psi one 5,000 psi swivel assembly atop stack.

BOP Control System - Koomey-Matra electro-hydraulic with
non-retrievable pods. Operation by multiplex Matra
Tesuma system.

Special Features and Equipment:

Dynamic Positioning - CIT-Alcatel dual AMS-SP acoustic w/two
CD 1700 digital computers and one Thompson-CSF
analog computer. °

Reentry - Subsea TV equipment ~ Thompson-CSF
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Penrod 74

Penrod Drilling Company

Constructed by Far East Ship-building: 1974

Performance: Water depth - 2,000';Drilling depth - 30,000’
Subsea Equipment:

Riser - The riser is 20 inch OD x 1/2 inch wall X-52 pipe
with National connectors and integral kill and choke
lines. It is 2,080 feet total, as follows: '
Twenty 50 foot joints with buoyancy modules to
provide 5% negative buoyancy.

Twenty 50 foot regular joints and two each 25', 10",
and 5' regular joints.
The slip joint has a 45' stroke.

Diverter - Regan type KFDS Diverter with the following:
Support housing permanently mounted under the 49 1/2
inch rotary table, KFD diverter nominal 20 inch with
ten inch bore insert packer, flow line spacer spool
with two hydraulic actuated seals and a type DR-1
support ball.

Blowout Preventer - The stack is a combination of 18-3/4
inch, 10,000 psi W.P. Cameron type "U" double
preventers and 21-1/4 inch, 5,000 psi W.P. Rucker-
Shaffer spherical blowout preventers. Starting at
the wellhead and going up, the stack will have a
National 18-3/4" - 10,000 psi W.P. auto lock connec-
tor; Cameron type "U" 18-3/4" - 10,000 psi W.D.
double with 5" pipe :rams in top and bottom; Cameron
type "U" 18-3/4" - 10,000 psi W.P. double with new
style blind/shear rams in bottom and blind rams in
top; Rucker-Shaffer 21-1/4" - 5,000 psi WP spherical

blowout preventer; National 18-3/4" - 10,000 psi W.P.
15 deg. tapered auto lock connector; Rucker-Shaffer
21-1/4" - 5,000 psi W.P. spherical blowout preventer:

18-3/4" nominal National single ball hydra-ball joint
with National 20" nominal female riser lock connector.
There are 12 eleven gallon, 3,000 psi W.P. separator
type accumulator bottles mounted on the stack. The
stack mounted choke and kill valves are Cameron type
"F" gate double 90 degree block tee, with 3-1/8" -
10,000 psi W.P. BX - 154 clamp hub inlet and outlet,
with two type "AF" failsafe 3000# operators.
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Appendix

Sedco 445

Sedco Inc.

Constructed by Mitsui, Japan; 1971.

Performance: Water depth 3,500'; Drilling depth - 20,000'.
Subsea Equipment:

Riser - 4000 feet of Regan integral marine riser with 10,000
psi choke and kill lines, 3000 feet of which is
equipped with Emerson and Cuming syntactic foam
buoyancy modules.

Blowout Preventer - 1 16-3/4" 5,000 psi Cameron blowout
preventer stack with three sets of pipe rams, one
set of blind shear rams and Hydril annular preven-
ter. 1 16-3/4" 10,000 psi Cameron blowout preven-
ter stack with three sets of pipe rams, one set of
blind shear rams and Hydril annular preventer.

BOP Control System - Koomey EH/Hydraulic BOP control system
and RATAC acoustic back up.

Special Features and Equipment:

Dynamic Positioning - Honeywell Automatic Station Keeping
(ASK) with redundant H316 computers, RS-5 Acoustic
Position Indicators, taut wire angle sensors and
riser angle indicators.

N
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Sedco/BP 471
Overseas Drilling Ltd.

Constructed by Halifax Shipyards Division of Hawker Siddeley
Canada Ltd., Halifax, N.S., Canada; 1978.

Performance; - Water depth - 4,500' (up to 6,000'); Drilling
depth - 25,000".

Subsea Equipment:

Riser - 4350 feet of Vetco integral marine riser with 10,000
psi choke and kill lines, 3000 feet of which is
equipped with Emerson and Cuming syntactic foam
buoyancy modules.

Blowout Preventers - 2 16-3/4'" 10,000 psi Cameron blowout
preventer stacks with three sets of pipe rams, one
set of blind shear rams and Shaffer spherical pre-
venter.

BOP Control System - Koomey multiplexed E/H BOP control
system with E/H hard wire back up and RATAC acous-
tic back up.

Special Features and Equipment:

Dynamic Positioning - Honeywell Automatic Station Keeping
(ASK) with redundant H316 computers, RS-7 Acoustic
Position Indicators, taut wire angle sensors and
riser angle indicators.

Reentry - Edo Western combined Sonar/TV reentry tool.



Appendix

Sedco 472

Sedco Inc.

Constructed by Mitsui, Japan; August, 1977.

Performance: Water depth - 4,500'; Drilling depth - 20,000"'.
Subsea Equipment:

Riser - 4350 feet of Vetco integral marine riser with 10,000
psi choke and kill lines, 3,000 feet of which is
equipped with Emerson and Cuming syntactic foam
buoyancy modules.

Blowout Preventer - 1 16-3/4" 10,000 psi Cameron blowout
preventer stack with three sets of pipe rams, one
set of blind shear rams and Shaffer spherical
preventer.

BOP Control System - Koomey multiplexed E/H BOP control
system with E/H hard wire back up and RATAC acous-
tic back up.

Special Features and Equipment:

Dynamic Positioning - Honeywell Automatic Station Keeping
(ASK) with redundant H316 computers, RS-7 Acoustic
Position Indicators, taut wire angle sensors and
riser angle indicators.

Reentry - Edo Western combined Sonar/TV reentry tool.
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Appendix

Sedco 709

Marine Drilling S.A.

Constructed by Hawker Siddeley, Halifax; 1976.

Performance: Water depth - 6,000'; Drilling depth - 25,000'.
Subsea Equipment:

Riser - 3,200 feet, 18-5/8" integral with buoyancy

Blowout Preventer - 2 16-3/4", 10,000 psi blowout preven-
ters

BOP Control System - Subsea controls, Multiplex control,
100% Redundancy

Special Features and Equipment:

Dynamic Positioning - Honeywell Automatic Station Keeping
(ASK) System.

Reentry - Thru Drill Pipe TV/Sonar
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Appendix

Zapata Concord
Zapata Corp.

Constructed by Avondale Shipyard, New Orleans, Louisiana;
1975.

Performance: Water depth -~ 2,000'; Drilling depth - 25,000'.

Subsea Equipment:

Riser - 2,000' of 21" O0.D, x 20" I.D., 45' stroke slip
joint; riser tensioning system by Rucker.

Blowout Preventer - Cameron 18-3/4'" single stack system
with two 10,000 psi W P Cameron type U double ram
preventers, and two Rucker-Shaffer 18-3/4" spher-
ical preventers.

Special Features and Equipment:

Anchoring System - Eight Vincinay Offdrill 40,000 1b anchors

with eight 2,500' lengths of 2-3/4" steel stud
length chain and eight 4,500' lengths of 2-3/4"
wire rope.
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